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TITLE: Diffusion of Antimony in Germanium Alloyed With Antimony
(Diffuziya sur'ny v germanii, legirovannom sur 'moy)

PERIODICAL: Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Br 5,
pp. 990-995 (USSR)

ABSTRACT: In this paper the authors communicated the results of
the investigation of the antimony diffusion in monocry-
stalline germanium ingots, vhich had been alloyed with
different amounts of antimony. These preliminary results
are part of the general investigation conducted in the
laboratory of the influence of the donor- and acceptor
impurities on the diffusion processes in the semiconduc-
tor. The diffusion coefficients were measured in a wide
temperature interval (from ~ 650 to ~9209C) and in nume-
rous samples (numbering 60). Table I and figures 1-4 show
the obtained results from each series of samples with a
uniform antimony content. The relative antimony content

card 1/3 in germanium was too lovw as to result in a marked modifi-
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With Antimony

cation of the lattice constant of germanium or of the
eigenfrequency. For this reason the observed increase
of Do can be attributed to the augmentation of the ac-

tivation entropy A S. Apparently this is connected with

the general increase of the system entropy, which is cau-
sed by the transition of the system from an ordered into

a less ordered state, as the concentration of the impuri-
ties also leads to an increase of the concentration of va-
cancies in the lattice and therefore to an increase of dis-
order in the system (table 3, figure 8). The increase of
activation energy observed with an increase of the anti-
mony concentration does not fit into the usual conceptions
on the character of the influence of the impurities on the
binding energy of the lattice. Apparently factors as yet
unknown play a role here. The modification of the free
energy of the system possesses a minimum velue at any
temperature and at any arbitrary concentration, this value
corresponding to the most stable state of the system at the
respective concentration.

Further experimental experience on the influence of low
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imparity concentrations on ithe diffusion processes will
permit to determine the diffusion character in solids,

in particular in semiconductors.

There are 8 figures, 3 tables and 13 references, 1o of

vhich are Soviet.

ASSOCIATION: Institut poluprovodnikov AN SS5SR, Leningrad
(Leningrad)lnstitute Tor Semiconductors,AS USSR)

SUBMITTED: August 17, 1957

1. Antimony--Diffusion 2. Antimony-germanium alloys
--Properties
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TITLE: ~ On the Problem of the Anomalous Diffusion Velocity of
Some Elements in Germanium
(K voprosu ob anomal'noy skorosti diffuzii nekotorykh
elementov v germanii)

PERIODICAL:  Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Nr 3,
pp. 996-998 (USSR)

ABSTRACT: In order to determine the causes of an anomalously high
diffusion velocity of the elements of period I and ViIX
of the periodic system in germanium it is sufficient to
jnvestigate theé causes for their solubility in germanium.
The author devoted this paper to this problem. &s can te
seen from table 2, the elements of period I and VI1II, as
contrary to period III and V are completely lacking p-
-electrons, which cause the basic binding in the crystal
jattice of germanium. On the other hand, the difference
between the electronegativity of these elements and ihat
of germanium is very small. Also ion formetion plays an

Card 1/3 insignificant rdle here. All these facts contribute to an
o) SRS i S Ei
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Velocity of Some Elements in Germanium

unstable state of the atoms of period I and VIII in the
gites of the crystal lattice of germanium, leading to
their low solubility and their high diffusion velocity.
For this reason, the anomalously high diffusion velocity
and the low solubility of the elements of period I and
VIII of the periodic system is caused by the considerable
difference between the electron configuration of the shell
of the valence electrons of these elements and the germa-
nium atoms. This difference is less marked for elements
of the period III and V, these exhibiting therefore a better
solubility and a smaller diffusion velocity in germanium.
The here presented considerations are also valid for other
semiconductors and can be used as a criterion for the choi-
ce of quickly or slowly diffusing impurities in semiconduc-
ting materials. In this instance, however, the values of
electronegativity of the solvent atoms and of the dissol-
ved substance must be taken into account. If the difference
in electronegativity is great, a new phase will be formed
because of the ion binding. This will result in another
diffusion character. The author is indebted to A. F. Ioffe -
Card 2/3 for discussion of the problem.
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There are 2 tables and 7 references, 4 of which are
Soviet.

ASS0CIATION: Institut poluprovodnikov AN SSSR, Leningrad
(Leningrad,Institute for Semiconductors)ﬁs USSR)

SUBMITTED: January 28, 1958

1. Chemical elements--Diffusion 2. Germanium crystals--Analysis
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Influence of the Electric Field on the Diffusion of Antimony
in Rock Sslt Crystals (Vliyuniye e¢lektricheskogo polya na diff-
uziyu sur'my v kristallakh kemennoy soli)

Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Nr 5
pp.. 1012-1018 (USSR)

In the present paper antimony served the wuthors as an ob-
Ject for the investigation of diffusion in rock salt, anti-
mony being an element with chemically amphoteric properties.
The antimony diffusion was investigated in wide temperature
range as well as the influence of a constant electric field
on the diffusion. The obtained results partly supplement the
existing experimental data and the conceptions on the diff-
usion mechaniem of foreign impurities in the lattice of rock
salt. The firet series of experiments was devoted to the de-
termination of the diffusion coefficient of antimony in NaCl~
-crystals at different temperatures of diffusion annealing,
(figure 2). The second series essentially amounted to an ex-
amination of the character of the influence of a constant el-
ectric field on the antimony diffusion in NaCl. The shift of
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Influence of the Electric Field on the Diffusion of Antimony 57-28-5-17/36
in Rock Salt Crystals

the maximum of the concentration curves itowards the anodes
indicated, that the antimony im NaCl crystals is shifted in
the form of negative ions. The analysis 6f these curves al-

80 permits to evaluate the value of the charge of the diffu-
sion ions. It can be assumed, that the antimony exists in the
NaCl lattice in the state of treble charged negative ions Sbo-.
It was shown, that the dependdnce of the diffusion coeffi-
cient on temperature can be expressed by the equation:

Dgy s mac1 = 02076 exp ( - 1,8 eV/kT) cu’/sec

From a comparison of the ionic radius of Sbj_ with the ionic
radii of other negative ions, Br~ and J~ (table), which diff-
use by anionic vacancies, it can be concluded, that such a
dislocation_mechanism is possible in the cage of theion diff-
usion of Sb’=. In order to satisfy the neutrality conditions
three anion vacancies must be created for each Sb’~ ion in the
lattice of NaCl. This amount of vacancies can exceed the
thermally equalized chncentration and can cause local distur-
bances in the lattice as well as the occurrence of a new
phase. In the table 8lso data on the activation energy of the
€1=, Br- and J~, and Sbﬁ' ions at the diffusion in NaCl are
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compared and the alectron affinity of these elements is given.
In this case an apparently not random regularity is observ-
ed. The reduction of the activation energy with an increase

of the radius of the impurity ions can be caused by the great-
er deformation of the surrounding medium and the reduction of
the potential energy connected with it. On the other hand, the
probability of a separated existence of the impurity atoms and
of the electrons ahsorbed by them is increesed by the reduct-
ion of the electron affinity of the element., This can also
lead to a reduction of the activation energy during diffus-
ion. The possibility of = separate existence of the impurity
atoms and of the electrons absorbed by them(during the period
ta<:ti,ti denoting the "life" of the ionic state) must also

lead to a deviation from Einstein's equation, disregarding
which complexes(orphases) are produced. This effect also
wag observed. There are 6 figures, 1 table and 13 references,
6 of which are Soviet.

Institut poluprovodnikov AN SSSR,Leningrad (Leningrad)In-
stitute for Semiconductoras,AS USSR)

August 17, 1957 1. Antinbn&-—Diffusion 2. Electric fields--Appli-
cations 3. Sodium chloride--Crystal structure
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Boltaks, B, I., Mokhov, Yu. N. 57-28-5-22/36

~——
Self-Diffusion and Diffusion of the Impurities in Lead Tellu-

ride and Lead Selenide (Samodiffuziya i diffuziya primesey v
telluride i selenide svintsa)

Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Nr 5, pp. 1046-
-1050 (USSR)

In the present paper the authors communicated the results of
the investigation of the self-diffusion of tellurium and the
diffusion of antimony and tin in lead telluride as well as data
on the diffusion of antimony and selenium (self-diffusion) in
lead selenide. Lead telluride and-selenide crystallize in a
struoture of NaCl-type. The character of binding, however, in
these compounds differs considerably from a pure ion bindizg,
vhich is distinctive of rock salt. The combination of ion- and
covalent binding in PbTe and PbSe leads to a reduction of the
heat of formation as related to the gram equivalent and there-
fore also leads to a reduction of the cohesive forces between
the components of these compounds (Ref 4). The relatively small
values of the activation energy during self-diffusion in PbTe
agree with the small values of the heat of formation of these
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S8elf-Diffusion and Diffusion of the Impurities in 57-28-5-22/36
Lead Telluride and Lead Selenide

compound s, The heat of formation of PbTe equals 16,8 kcal/g-mol,
which is considerably less than in a considerable nuzber of ana-
logous semiconductor compounds. The dislocation of Sb and Sn in
the crystal lattice apparently proceeds according to the lead
vicacies, and is accompanied by the formation and the destruc-
“ion of the complexes Sby, Tex, SnTe, and Sb28e3, the cohesive
forces of which are greater tgan those of the cOmponents of the
base lattice. This latter phenomenon apparently causes the ob-
served "anomaly" in the interrelations between the values of
the activation energy in the self diffusion and the heterodif-
fusion of the investigated elements in PbTe and PbSe. As the
heat of formation of PbSe is greater than that of PbTe the con-
siderably higher values of the activation energy for the self-
and hetercdiffusion in lead selenide in comparison to lead tel
luride become understandable. There are 2 figures, 2 tables,

and 5 references, 4 of which are 3Soviet.
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ASSOCIATION: Institut poluprovodnikov AN SSSR (Institute for Semiconductorg;

AS USSR)
Leningradskiy politekhnicheskiy institut im. M.I. Kalinina
(Leningrad Polytechnical Institute ipeni K.I. Kalinin)

SUBMITTED: September 18, 1957

1. lead selenide~--Impurities 2. Lead telluride--Impurities
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Boltaks, B, I., Plachenov, B, T., SOV/20-123-1-18/56

LS L

Semenov, Ye. Vi

On'the Absorption Coefficient of s=Rays of Cogg in}Semiconductors
(0 koeffitsiyente pogloshcheniya y=luchey Co " v
poluprovodnikakh)

Doklady Akademii nauk SSSR, 1958, Vol 123, Nr 1, pp 72-75
(Ussr)

The present paper gives the results of measurements of the

J-ray sbsorption coefficient of Co60

(EJ1 = 1,17 ¥eV, Eyp; = 1.33 MeV) in some semiconductor

materials of different degrees of purity and different
modifications as well as in some metals (Al, Zn, Pb).
Measurements were carried out with respect to these metels
mainly for the purpose of checking the experimental method. The
measuring apparatus used is schematically shown in form of a
drawing. The measuring results are given in a table. The results
obtained by the present paper differ from those obtained by
other authors by not more than 3.5%. The absorption of y’-rays
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On the AbsorptionCoef$icient of j--Rays of 000 S0V /20-123-1-18/56

in Semiconductors
of 0060 in the materials under investigation is caused nearly
entirely by Compton (Kompton) scattering. Photoelectric
absorption is less than 1€ in the case of most of the samples
investigated. An exception was formed only by the Te, Pb and
PbTe samples; the share of photoelectric absorption in them
amounted to~8, 25 and ~15% respectively. The absorption
coefficient values given in the table were calculated by meane
of the usual formulae of the theory of the absorption of ywrays
in matter. The difference between measured and ocalculated
absorption coefficients is larger in semiconductors than in
metals. Besides; the absorption coefficient also of
infinitesimally small concentrations depends on impurities in
the investigated semiconductors (and in selenium also on
gtructure, i.e. on thé modification of the sample).
Semiconductors differ from metals mainly by the concentration
of the free current carriers. The authors determined the
temperature dependence of absorption on y-rays in the case of
some samples of germanium, silicon, and tellurium with different

Card 2/4 degreaes of purity and different characters of conductivity.
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On the Absorption Coefficient of /’-Raye of Co
in Semiconductors

60 SOV/20-123-1-18 /56

On the same samples the Hall (Kholl) effect was measured, and
the variation of the concentration of current carriers in the
investigated temperature interval was determined. The results
of these investigations, which are shown by 2 diagrams, make
it perfectly clear that the absorption coefficient of

0060 =rays increases in the semiconductors under investigation
in proportion to the concentration of the free current carriers.
A gimilar dependence holds also if sn113 gerves as a source

of the J-rays. The results obtained do not agree with the
present theory of Compton (Kompton) scattering (in which binding
of the electrons in atomic electron shells is neglected).
Therefore, these results ought to be subjected to careful
theoretical analysis. The authors thank V, A, Sokolova for her
help in carrying out measuremenits. There are 4 figures, 2 tables,
and 4 references, 1 of which is Soviet.

Institut poluprovodnikov Akademii nauk SSSR (Institute for
Semiconductors of the Academy of Sciences, USSR)
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AUTHORS: Boltaks, B. I., Sokolov, V. I. S0V/20-123-3-18/54
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TITLE: On the Coefficient of Absorption (of the Decrease in Intensity)

of Beta-Rays in Semi-Conductors (0O koeffitsiyente pogloshcheniya
(oslableniya intensivnosti) beta-luchey v poluprovodnikakh)

PERIODICAL: ?okla%y Akademii nauk SSSR, 1958, Vol 123, Nr 3, pp 446-448
. USSR) .

ABSTRACT: The authors investigate the relation between the mass absorption
coefficient of ﬁ-rays and some characteristic features of
Lemiconductor materials, especially of a special structure of the
energy spectrum of electrons in semiconductors (presence of a
forbidden zone), The following sgmiconductor materials were
investigated: S, Se, Te, Ge, InSY, HgSe, CdTe, ZnTe, PbTe, PbSs,
and also the alkali-halogen compounds NaCl, CuBr, KCl, KBr, KJ.
The following radioactive isotopes were used as sources of the
f-radiation: §35, ca®®, w85, 590, o204 p32

The investigation was carried out on thin films produced by

evaporation in vacuum. Plates of condensator mica were used as

base layers. The absorption coefficients were measured by means
Card 1/3 of end-window counters on a standard measuring apparatus of type Be
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On the Coefficient of Absorption (of the Decrease SOV/20-123-3-18/54
in Intensity) of Beta-Rays in Semi-Conductors

The values of the intensity were determined as functions of the
thickness of the film and the linear absorption coefficient s
was deduced from the found data. A diagram gives the values of
the relative absorption coefficients of the ﬂ-rays of the

radioactive isotope P32 for sulphur, selenium, and tellurium.
The abscissa axis of these diagrams represents the width of the
forbidden zone (A E) of the energy spectrum of the elecirons in
these materials. Analogous diagrams are given for binary semi-
conductor compounds of zinc blende structure and also for
alkali-halogen compounds and semiconductors of NaCl structure.
The following conclusions may be drawn from these diagrams:

1) For the investigated semiconductors and alkali-halogen
crystals, the mass absorption coefficient of f-rays is
essentially different from the mass absorption coefficient of
aluminum. 2) Notwithstanding the noticeable spread of the data,
a regular increase of the absorption coefficient was observed
if the forbidden zone decreased in width. This regularity was
found for any group of substances of equal siructure and similar
physico-chemical properties. In order to check this result,

==
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On the Coefficient of Absorption (of the Decrease S0V/20-123-3-18/54
in Intensity) of Beta<Rays in Sémi-Conductors :

the authors investigated 2 modifications of the same substance—
selenium which have forbidden zones of different width. The
absorption of crystalline selenium was found to be by ~ 40%
higher than that of amorphous selenium, The found dependence of
the mass absorption coefficient of ll-rays on the width of the
forbidden zone of the semiconductors and alkali-halogen: crystals
agrees qualitatively with the modern theories for the mechanisms
of the absorptien of ﬁ-rays in matter. The results of this paper
have only a qualitative character and more precise gqualitative
investigations are necessary. There are 3 figures and 4 Soviet
references.

Institut poluprovodnikov Akademii nauk SSSR (Institute of
Semiconductors of the Academy of Sciences, USSR)

July 14, 1958, by A. F. JIoffe, Academician

May 19, 1958
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AUTHORS : Boltaks, B. Te, Gutorov, Yu. A. SOV/181-1-7-2/21
. Boltaks, B. I
TITLE: Some Data on the Diffusion and Effect of Impurities

on the Electrical Properties of Gallium Antimonide
PERIODICAL: Fizika tverdogo tela,199%,Val i, 7, pp 1015-1021 (USSR)

ABSTRACT : 99,98% pure antimony and 99.97% pure gallium were molten
in vacuum with continuous mixing and cleaning by the layer

method; hole-type conductivity (hole concentration nJ1017/cm3)
was determinable along the whole length of the cast. The
cast was divided into 4 equal parts and each part was mixed
with 0.1 wt % of either In, Sb, Se, or Te in a repeated
vacuum melting. Three plates each with the size of
3,8 . 4.5 ., 16 mm of the melts of each mixture were prepared.
The dependence of the electrical conductivity on temperature
and the Hall-effect were measured by known methods for these
samples. The influence of the additions In, Sb, Se, and Te
on the electrical properties of GaSb is shown in table 1
(specific conductivity, concentration of current carriers,
mobility). The dependence on temperature of the specific

Card 1/3 conductivity and the Hall constant are graphically represented

W
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Some Data on the Diffusion and ‘Effect of Impurities SOV/181-1-7-2/21
on the Electrical Properties of Gallium Antimonide

(Figs 1,2). In order to investigate diffusion, further
samples were prepared by means of the layer melting process
(GaSb was stoichiometrically synthesized, Sb-purity 99.90%).
Phe surface of the samples was directly covered by the tracer

impurities In114, Sn113,and Sb114. The annealing temperature
varied between 320° and 650%3,the annealing time between
24 and 114 hours. The hole concentration is cited to be
w00 (055" 2.0). 10'7 cn™3. 5677 and Te'?! aiffused from
the vapor phase iunto the sample. After annealing thin layers
were removed from the samples and their radioactivity was
.measured, as a criterion for the coefficient of diffusion.
The results are represented in diagrams and tables. The
following conclusions mey be drawn: The activation energy
rises by diffusion of impurity atoms in GaSb in the order:
In, Sn, Sb, Te. In the same order increases also the
influence of these elements on the dielectric properties of
GaSb. The decrease of the activation energy with increasing
ion radius of the diffusing particle does not depend on the.

Card 2/3 M
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Some Data on the Diffusion and =Effect of Impurities SOV/181-1-7-2/21
on the Electrical Properties of Gallium Antimonide

ion radius but on the number of valency electrons, which
cause the linkage of particles in the GaSb-lattice. There
are 6 figures, 3 tables, and 10 references, 2 of which are

Soviet.
ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of
Semiconductors of the AS USSR, Leningrad) bf//
SUBMITTED: July 30, 1958
Card 3/3
RERE & Eere G
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24.7700 BO06/BO6T
AUTHORS: Boltaks, B. I., Kulikov, G. S., Malkovich, R. Sh.
v e,
TITLE: - The Influence Exercised by leéan the Electrical Proper-
ties}lof Silicon '),\

PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 2, pp. 181-191

TEXT: Gold belongs to those impurity elements which show low solubility
and high diffusion rate\lin silic n)ﬂIn the present article, the authors
present the results of their investigations of the influence exercised
by gold on the electrical properties of n-type and p-type silicon of
different resistivity. First, the influence exercised by gold impurities
on the resistivity of silicon is dealt with. The samples had a primary
resistivity of 1.3-46 ohm.cm (n-type) and 0.5-87 ohm.cm (p-type). Gold
was introduced partly by diffusion from gold vapors, partly by diffusion
from a thin gold layer applied to the sample at temperatures of
1080-1380°C during 3-33 hours. The results are illustrated in a table and
two diagrams. It was found that samples alloyed with gold in such a way
show a relatively low-resistance surface layer; the electrical propertie;?</

Card 1/3
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Electrical Properties of Silicon BO06/BO6T

in the interior deviate considerably from those on the outer layer; the
resistivity in the interior strongly increased, whilst the carrier con-
centration strongly decreased. In n-type Si resistivity attains

N105 ohm.cm, in p-type Si, 105 - 104 ohm.cm; the electron and hole

concentrations decrease to 10%% - 10" ca™ ana 10'% - 1017 cm-i,
respectively. In the following, the carrier distribution is investigated
with respect to the quantum states. Fig.3 shows a schematical representa-
tion of the distribution of the local levels. A large number of details
are given. The width of the forbidden zone decreases with increasing

temperature according to AE = ASEO - aT; o0 = 2.,10'4 ev/deg, L}Eo =

= 1.21 ev. The temperature dependence of the level of the chemical po-
tential in n-type and p-type silicon was investigated for the two pos-
sible cases of temperature dependence of the activation energy. Data on
n-type silicon are to be found in Fig. 4; Fig. 5 shows those obtained for
p-type silicon. In the following, the plotting of the diagram which shows
the dependence of resistivity on the gold concentration, is discussed.

It was plotted by using all curves given in Figs. 4 and 5. It was found\/(
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The Influence Exercised by Gold on the s/181 60/002/02/01/053
Electrical Properties of Silicon B0O06/B067

that by introducing gold, n-type Si can be transformed into p~type Si,
that in the inverse case, however, by the introduction of gold into
p-type Si, resistivity also increases without any change in the type of
conductivity. The latter attains maximum resistivity at 291°K with

“4e6°105 ohm.cm. The experimental and theoretical data are briefly
compared. In conclusion, the authors thank L. L. Korenblit for dis-
cugsions. Mention is made of A. A. Shteynberg. There are 6 figures,

1 table, and 10 references: 6 Soviet, 2 American, 1 German, and 1 Irish.

ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of

Semiconductors of the 4S USSR, Leningrad)

SUBMITTED: April 16, 1959
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s/181/60/002/010/008/051
4310 (2104,1Y3,1169 B019/B070

AUTHORS: Boltaks, B. I., Kulikov, G. S., and Malkovich, R. Sh.
.

TITLEs Electric Transport of Gold in Silicon11
PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 10, pp. 2395~2399

TEXT: A thin layer of gold (Au~198) was laid on to the polished surfaces
of two silicon samples (5.5.2 mm) which were then pressed together. The
whole was placed in a water-cooled chamber filled with helium (Fig. 1).
Heating was done by direct current which also served to produce the elec-
tric field necessary for the transport of gold. The temperature was
measured by an optical pyrometer. Experiments were made in the temperature
range 1075 - 1350°C. It was found that in the temperature range from
1075°9C to about 12809C, the gold in silicon migrates preferably to the
cathode. At higher temperatures, the direction of transport is reversed
(Fig. 3). It is considered improbable that this phenomenon is due to the
change in the ionization character of the gold atom. It is rather surmized
that the observed phenomenon is due to the associated motion of the iomns
with the electrons. According to ¥, B, Fiks, an impurity ion in a metal

Card 1/3
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Electric Transport of Gold in Silicon s/181/60/002/010/008/051
B019/B070

or semiconductor moves under the action of two different forces. The first
force is due to the electric field and the second is due to the motion of

the electrons toward the anode. The experimentally determined value of the
mobility of gold in silicon as a function of temperature is graphically

shown in Fig. 4. The values were obtained from a measurement of the rise

of p-n junction with radiocactive gold. The results obtained here are in

good agreement with those calculated by Fike (Ref. 4). It is established

that the associated motion of gold atoms with electrons plays an important

role in the transport of gold in silicon. The following values were ob-

tained for the diffusion coefficient: in the temperature range 1200-1370°C L/)(

6 cme/sec, at 900°C about 5.10‘"10 cmz/secg and at

1088°C about 4.10” cm2/sec. Also the solubility of gold in silicon was
studied with radioactive gold. The results obtained agree well with those
of the other authors (Fig. 5). No difference in the solubility was found
for different types of conductivity There are 5 figures and 10 references:
4 Soviet, 5%5, and 1 7

ASSOCIATION: Institut poluprovodnikov AN SSSR Leningrad (Institute of
Semiconductors of the Academy of Sciences USSR, Leningrad)

about 4.10"7 - 4,10
8
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SUBMITTED: March 23, 1960
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86418
74.7700 (/a¢3,//y5//_g’g‘7) s/181/60/002/011/002/042
ﬁé 02 (420 BO06/B056
AUTHORS : Boltaksx B. I. and Syue Shi-in!

TITLE: Diffusion, Solubility, and Effect of Silver Impurities Upon
the Electrical Properties of Silicon '

t

PERIODICAL: Fizike tverdogo tela, 1960, Vol. 2, No. 11, pp. 2677 - 2684

s

TEXT: The authors‘give a report on the results they obtained by investi-
gating the diffusion, solubility, and effect of silver upon the electrical
properties of n-type and p-type silicon single crystals (resistivity of
9 - 24 and 20 - 100 ohms-.cm, respectively). The diffusion of the silver

impurities was investigated by using Ag110 and a standard method. Silver ‘i
was applied from an AgNO3 solution to the ground surfaces of the

specimens, after which they were subjected to a heat treatment

(1100 - 135000). The diffusion coefficient was between 3-10_9 and

2.4-10-8 cmz/sec; its temperature dependence (Fig.1) may be expressed by

the relation D = 2.0-10 2exp(-36800/RT) cm’/sec. The migration of silver
Card 1/8
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Ya(a) ~
n-type (p—type) 8ilicon. Here, NAg is the silver concentration in §i;
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Diffusion, Solubility, and Effect of Silver s/131/6o/002/o11/002/o42 A
Impurities Upon the Electrical Properties of B006/B056 )
Silicon

N; and Nd are the initial concentrations of the acceptor (elements of the

third group) and donor impurities (fift? group) in p-type and n-type Si,
respectively. It was foung that NAg2i10 7at/bm : Na(dfv(s - 4).101 at/cm3;

of the order of (5 - 6).10130m'5.
een from Fig.7. Data on the
Tical properties of the Si

the electron and hole concentrations were
The position of the energy levels may be s
effect of silver impurities upon the elect
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Diffusion, Solubility, and Effect of Silver s/1a1/6o/002/o11/002/o42
Impurities Upon the Electrical Properties of BOO6/B056
Silicon

!

A(a Py

There are 8 figures, 1 table, and 3 Soviet references.

ASS0CIATION; Ingtitut poluprovodnikov AN SSSR Leningrad (Institute of
Semiconductors of the AS USSR, Leningrad).

SUBMITTED: February 20, 1950
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© Legend to the table:

. Before introduction of Ag;
e -3) After introduction of Ag; 4) Experiment; 5) Caleulation; 6) Type_of
- conductivity; 7) Resjstivity, ohm.cm; 8) Carrier concentration, cm™J;
"9) Hdll'mobility, cm /v.sec; 10) Heating temperature, °c; 11) like 6);
.12) Tike 73; 13) like 8); 14)

' like 9); 15) like 6); 16) 1ik : 17) 1ik
. 8)i dnd 18) 1ike 9). ’ A?‘ )i ! ) like 7); 17) like

1) Number of specimen; 23
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1 referencess 120 Soviet (inc
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S/181/62/OO4/002/O41/O51
B102/B138
b 2532
AUTROAS - Boltaks, B. I., and Fedorovich, H. 4.
TTILE Dirfusiorn and solubility of silver in Plomuil teliuride

rERIODICAL: Fizika tverdogo tela, v. 4, no. 2, 1962, 550-552

TEXT: Silver-doped BiQTe i
of a thermocouple. Ag di?fusion and solution was studied wit

the specimens was ~500 ohm‘1cm_1, the thermo-enm? coefficient was

r200 uv/deg  They were cut partly in parallel and partly perpendi
the cleavage plane. Diffusion annealing was carried out in
atmosphere. Difiusion was investigated by using Ag11
“hir layers, and wes found to bhe hishly anisotropic; in the cleavage
“hediffucion rote was 3-% orders oi nagnitude sizher than in th-

a aYson
an argon

direction Dy wes changed iroaa1078 to v10-50m2/sec between 100 and
Do . -1 -
and Dl Irom .10 ! to A5°10 8cm2/sec between 300 and SOOOC,
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3h2u6
5/181/62/004/062 /04" /05
;olubility of silver ... B102/3136

Dy 2u2ﬂ10—3exp(-0‘42/kT)cm2/sec
D] = 2.3-107 'exp(-1.17/kT)on’/sec.

“he aniseciropy in diffusion is attributed to struetural anisctropy. The
rder of the atomic layers is g.L-Bl—TeII-TeII-Bl-TeI-Bl—reII~lUL s¢ *‘ha
raree Te plus two Bi layers form a quintet, which is separated from ths

»aXxt one by a greater distance. Ag, and other elements of the first gr-- o

~an only penetrate in an interstitial manner. These interstitial atoems
are easily ionized and form donors. Copper diffusion in BigTe5 displays

“he same effects. The same specimens were used to study iz solutian.
.urealing time was varied between 17 and 96 nours depending on ihe
“emperatuire. The sclubility measured in tne range 200-500°C. was

1 305}v1019 atoms/cmBu Saturaticn is reached above 40000: Tie
udents V. P. Kokoyev and Li Min-i are thanked for measurements. Tiaz:
are 2 figures and 2 references: 1 Soviet and 1 non-Soviet. The referar-
to the English-language publication reads as follows: R. O. Carlson.
J. Phys. Chen. Solids, 13, 65, 1960.
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Diffusion and solubility of yilver g{gg%f%ow/ooz/om/om _

ASSOCIATION: Institut
: t poluprovodnikov gy i
Semiconductors As USSR, Lenisgfgd%enlngrad (Instituse .

SUBMITPED: October 26, 1961
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‘I[/_’ Nipo 24;3}14154004/00 /006/045

AUTHORS ; Boltaks, B, I.l and Natveyeva, N. X,

TITLE: Diffusion of phosphorus in silicon
PERIODICAL: Fizika tverdogo tela, v. 4, no. 3, 1962, 609 - 614

3ilicon, a not yet
ution function

erfe(x/2VDt) = 1 - i%f exp(-xz)dx which holds for other elements &f’

of groups III and V., This deviation is explained by evaporation of phos-
phorus from the Si surface during diffusion. The Si single crystals
20 ~ 40 ohm-cm) used for the experiment were ground, etched in i .g (SR-QL

washed, and then introduced in quartz tubes together with small amounts

of P32, The tubes wer evacuated and sealcd, and heated in a furnace,
al had always the sape temperature
other part containing the phosphorus
series of measurement, The holding

130014-4"
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s/1a1/62/004/003/006/045
Diffusion of phosphorus ... B152/B102

periods were 12 and 24 hrs, regpectively. To detewwine the distribution,

thin layers were removed from the crysital and the radicactivity was

measured. A calculation of the diffusion equaticn, with consideration of

the evaporation of the diffusing substance, gives g Tamily of curves for
various evaporation probabilities of the P atoms (Fig. 4). Sorresponding
experiments with low P vapor pressures showed a distinct maximum, This

maximum did not appear at constart saturation vapor pressure. Preliminary
experiments with n-type Si yielded the distribution erfe(x/2 {Dt) under 0%/
analogous test conditions. There are 7 figures and 7 references: 1 Soviet

and 6 non-Soviet. The four most recent references to English-language
publications read as follows: E. Tannendaum, Solid State Electronics, 2,
123, 1961; L. A. D!Asaro, Solid State Electronics, 1, 3, 1960; F. a.
Cunnell and C, H, Gooch, J, Phys. Chem. Solids, 15, 127, 1960; J. Ww. Allen,
J. Phys. Chem. Solids, 15, 134, 1960.

ASSOCIATION: 1Institut poluprovodnikov AN SSSR Leningrad (Institute of
Semiconductors AS USSR, Leningrad)

SU2MITTED: September 29, 1961
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5/181/63/005/003/036/046

B102/B180
AUTHORS : Boltaks, B. I., and Fedorovich, N. A.
TITLE: Diffusion and solubility of cadmium in bismuth telluride

PERIODICAL: Fizika tverdogo tela, v. 5, no. 3, 1963, 944-946

QEXT: The authors used p-type BizTe single crystals grown by the
Pridgman method to investigate Cd“diffusion along and across the C-axis

by the tracer method (Cd115). Diffusion along the C-axis was studied by
successive removal of thin layers; across the C-axis (i. e. parallel to
the cleavage plane) by contrast auroradiography. In both cases the
experimental data fit in very well with“the straight lines in the

" log D—versus¢1/T graph, which are given by

. -3 2
Dy = 482 10 exp(—O.48@¢§T)cm /sec
D,= 10 exp(-1.8ev/kT)en” /sec.
The diffusion shows distinct anisotropy; e. g., at SSOOC D, and D; differ

by 3.5, at 350°C by almost 6 orders of magritude. The solubility was
card 1/2
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Diffusion and solubility of cadmium ... B102/B180

- studied with the same samples in the range 250-55000. Determined from the
tracer saturation level, it was 2'1018 - 6'1018 at/cmB. The temperature -

dependence of the solubility has a maximum at 40000. There are 2 figures.

,"f_. ASSOCIATION: Institut poluprovodnikov AN SSSR, Leningred
(Institute of Semiconductors AS USSR, Leningrad)

SUBMITTED:  October 29, 1962

o
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H | » 'B102/B186

| AUTHORS: ~ Boltaks, B. I., and Souwlov, V. I.
h____.—-—-—"——"—'—--------

PITLEs 3 Investigation of the diffusion of cadmium in indium antimonide,
by autoradiography in layers

‘. PERIODICAL: Fizika'tvefdogo tela, v. 5, ro. 4, 1963, 1077 - 1081

L i
' TEXT: The Cd diffusion- in InSb was investigated in the range 250 - 500°C

by means -of Cd“s tracer and autoradiographic activity control using Agfa-
Sine .(-ray films. With this method, which allows ‘an accuracy of within

5 - 10%, the diffusion coefficients and the Cd solubility were determined
for n-type InSb sxngle crystals oriented along [111_], with the parameters

{9 = 0,007 ohmect, n'= 1.65+10 1873 ;,b= 54000 om /v .sec. After Cd''? had
been electrolytically deposited on the polished and etched surface placed
! in aqueous CdCl, solution, the orystal wes subjected to diffusion annealing

i in an argon-filled quartz ampoul; then the radiogram was taken and photo- .
‘I metrized in order to obtain the Cd distribution curve.The temperatum dependenoe

-7‘-Card 1/2 - ' : : B
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 Investigation of the diffusion... B102/B186

if compared in a log D=f(1/T) plot, somewhat above the curve obtained by

- i Wilson and Heasell (Proc. Phys. Soc., 79, 403, 1962). The Cd solubility in

InSb was calculated from the maximum -concentration; the temperaturs

dependence--of the solubility has a _:etrbgra'de, character and has. its maximum
st 400% (2.5:10%%cn"2). on
isotopes. ' There are -5 figures. . .

./ ASSOCIATION: Institut poluprovodnikov AN SSSR, Leningrad (Institute of
S Semiconductors AS USSR, Leningrad)

SUBMITTED:  October 29, 1962
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Il;\ .

'I'.['I'LE: Radiffusion of silvar impm'ities fron a solid solution of BigTo

AUTHORS' Boltaks, B. 1., Fedorovich, N. A

' SOURCE. Fizika tverdogo tela, e 5, n0.'6, 1963, 1620-162,

TOPIC TAGS: diffusion, rediffuaion, g, Bi, Te, Se, I, semiconductor, diffusion
coefficient ‘ - . .

SR o : : A :
ABSTRACT: The environing atmosphsre during rediffusion of qilve%/ impurities in
semiconducting samples of bismuth telluride~bismuth selenide was investlgated in
order to discover the role of this atmosphere in the yrocess., Preliminary data on 'f
" ithis study were presented by .the =uthors (Termoe.lektricheskiye svoystva i

: poluprovodnikov. Izd, M SSSR, L., 1963) at II Soveshchaniye po termelek‘brichestvu
(Second Conference on Thermoelectricity, February 1962). It was shomn that an i
oxidizing atmogphere facilitates emsrgence of alloying admixtures to the surface of -
1a sample. 'I'hédiffusion coefficient of silver he tested alloy was. computed '
iwith proper cqgnsideration of movement of the be formed by tound impurities
i (grovrbh of the oxide £ilm), and the value of tlﬁa coefficient proved to be 10-8

- lem 2/sec at 300C. ' The results thus found indicate that conditions for rediffusion
Card 1/2 ' ' '
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| ACCBSSION NR: AP3001281 , . : | o

lof silver involve not only ‘oxidation of the bdsmuth ti..;luride-hismuth selenide ,
‘alloy but elso the possibilitv of rapid diffusion teo an interface., The introduction
jof iodine sueh an alloy imposes a supplementary bond on the m grating silver, |
;-hinaeﬁn ts movement to the surface. Orig. art. hass 6 figures and 4 formulas,

i

| AISOCTATION: Institut polupmvodni'xov N SSSR, Leningrad (Institute of Semi-
<o nguctors, Academy of Sciences, SSS‘!)

srramn"n. 16Jan63 - DMIE AcQ: 1Ju163 o ENCL: 00/
- I'stB cobE: PH o Nomqov. 005 " OTHER: 001!

SR
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BOLTAKb, B.I,; FEDOROVICH, N, A
” Rediz‘fusion of a silver impurity from the golid solution
BijTe3 =~ BizSeje Fiz, tver, tela 5 no.6:1620-1624 Je '63,
(MIRA 16:7)
1., Imstitut poluprovodnikov AN SbSR Leningrad.
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BOLTAKS, B.I.; SHISHIYANU, F,S.
Diffusion and solubility of silver in gallium arsenide, Fiz, twer,
tela 5 no.8:2310-2316 Ag '63. (MIRA 16:9)

1. Institut poluprovodnikov AN SSSR, Lenidgrad.
(Silver) (Gallium arsenide) (Diffusion)
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RQLTAKS | K.I.; DZHAFAROV, T.D.

Effect of local electric fields on the diffusion of antimony
in germanium, Fiz. tver. tela 5 no.i0:2818-2824 0 '63,

(MIRA 16:11)
1. Institut poluprovodnikov AN SSSR, Leningrad, i Institut firiki
AN Az, SSR, Baku.
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_BOLTAKS, B.I.; DZHAFAROV, T.D.

S S g Ll

Diffusion of gallium in inhomogeneous silicon. Fiz. tver tela 12:
3611-3613 D 63, T 172y

1. Institut poluprovodnikov AN SSSR, Leningrad.
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BOLTAKS, B,I.; SOKOLOV, V.I.

Diffusion of gold in indium antimonide., Fiz. tver., tela 6
no,.3s771-775 Mr '64. (MIRA 1714)

1. Institut poluprovodnikov AN SSSR, Leningrad.
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' ACCESSION NR: APL03L936

D O S R Yy v

" 5/0181/64/006/005/1511/1519 1\

i AUTHORS: Boltaks, B. I,; Dzhafarov, T. D.j3 Sokolov, V, I.; Shishiyam, F. S
'PITLE: Diffusion and electrical transfer of zinc in galliwn arsenide
'SOUHCE: Fizika tverdogo tels, Ve 6, no. 5, 196kL, 1511-1519 s

L
TOPIC TAGS: solid diffusion, semiconductor, semiconductor conductivity, metallog=
.. raphic ekenination, zinc diffusion, gallium arsenide

‘ABSI‘R.AC'.': The test material consisted of single crystal samples of n-type Gahs
: with resistivity ranging from 8¢10™3 to 2¢10-2 ohmecm and of p-type GaAs T
|?with resistivity of 5'10"2 ohmecm., lieasurements were made by radioactive and f
| electrical methods. It was found that tho Zn distribution in both types of samples
i . as well as the distribution of current carriers introduced by the diffusion, .
' depends on the boundary concentration. When this value is low, the concentration
1; curve is described by erfc function, At boundary concentrations greater than ;

} L1019 ca3, the concentration profile is step-like, It was found that at high Zn

1/2
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concentrations the concentration of current carriers is but 1/5' to 1/8 the Zn
¢ concentration, The diffusion coefficient of Zn depends on the boundary concentra= -

¢ tion. Metallographic study has shown that when the concentration curve for n-type -

, GaAs is step-like, polished sections show two transitionss p* —— p and p == N,
, | In p-type GaAs, there is always but the one transitions p* — p. The authors
' i have found that in the temperature intorval 830-1130C 2Zn is displaced in Gahs in
. ' the form of positive ions, the effective charge decreasing with rise in temperatures
¢ This decreasn follows from the entrapment of ions by electrons. The diffusion
*» mechanism is thought to involve threce diffusion currents, due to negatively
if charged ions in vacancies, positively charged ions in interstices and neutral
" Zn ions, Orige art., has: 7T figures.
4 . ;
# ASSOCIATION: Institub poluprovodnikov AN SSSR, Leningrad (Institute of Semiconduc=-
. i bors,AN SSSR) , : : - b

i
i
:
i
!

| upimTDs 1000063 DATE AGQs  2Cklay6l BiOLs 00 .
' SUB GODE: EO " 4o REF SOV: 0O0L f— 00?“;
\ _2:672/2___ \ ' * e | _1\
epatna ] e B s e
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ACCESSION NR: AP4041688 . $/0181/64/006/007/1925/1929

"AUTHORS: Boltaks, B. I.; Kulikov, G. S.

SrrmtoEatt

TITLE: Diffusion of silver on the surfaqe of silicon
"SOURCE: Fizika tverdogo tela, v. 6, no. 7, 1964, 1925-1929

TOPIC TAGS: silver, silicon, diffusion,'transport process, surface
diffusion, autoradiography )

ABSTRACT: Free diffusion and electron transport of silver on a sili-
_con surface was investigated by an autoradiographic method in order
to determine the kinetics of these processes. The object of the in-
vestigation was single-crystal n-type silicon and the diffusion was
investigated on the (100)., (110), and (111) crystallographic planes
in the temperature range 300--1000C. Ag-110 was used as the radio- ;
active tracer. Two batches of samples (parallelepipeds measuring ‘ ;
+~3 x 5 x 20 mm) were tested -- with ground and with chemically

Card 1/5
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ACCESSION NR: AP4041688
polished surfaces. The test procedure is described. The results
‘show that the coefficient of diffusion of silver over a polished sil-
icon surface depends on the crystallographic orientation of the sur-
' face, but diffusion over a ground surface displays no such dependence.
. The diffusion coefficient in either case has an exponential ‘time de-
"pendence. An increase in the dislocation density leads to an-abrupt
increase in the rate of diffusion’.of silver on the silicon surface,
with accumulations of silver clustering in the regions with maximum
dislocation density. Tests of the diffusion of silver in a constant
" electric field have shown that the silver on the surface is in the
form of neutral atoms and partlally in the form of negat:ve ions.
‘This, together with the data on the effect of the dislocations on
the surface diffusion,. points to a vacancy mechanism of silver
diffusion on silicon. Orlg.iart has: 6 figures and 1 table.

ASSOCIATION:* Institut poluprovodnikov AN SSSR, ‘Leningrad (Instltute
of Semiconductors, AN SSSR)
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ENCLOSURE: Ol

Tempern\.ure dependence of the coefficlient .

“of surface diffusion of silver for di"i‘erent

crysiallograpaic planes -
‘1 - (120, 2 -{(111), 3 - (100), 4 = - (110), (111) (100,
~5 - volu..;e diffusion

1%-3 - polls_hcd'currnées, 4 - ground
A1l pbin’ts_are averages for two or thre&sdnples
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s to anode, 2 - to cathode
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_"ABSTRACT-' 'I'he authors report expenmental data on: the :mfluence of
-the internal- electric field, due to a- nonuni form distribution of
alummum, -on the diffusion’ of - antmony in germanium. The initial
.samples_were 51ngle—crystal ;:—type germanium of ~1L chm.cm resistivity!
“Aluminum was “introduced: by diffusion: fromjthe gaseous phase for one-~"-
"and-a-half hours-.at 850°C. Two batdhes of samples were prepared: in
-.| one, the alumnum concentration was a maximum at the ‘surface, and in.
;; the thex. 1t was a maximum in the inter;or and decreaeed uOWard the
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o

-surface. The daffusion of antimany from the vapor phase was inves-
ftlgated in the range 720—-900°c.: The’ effectlve diffusion coeffi-

‘clent of Sb was found bj’ the p-n 3unct3.on method, as well-as by )
‘means of a radiocactiva: isotope- {sb™ 24);. In the first batch, the con— n
: centration gradients of Al and Sb had the same direction: and twoe S
p-n—junctlons were producer In samples of the second batch the Al | -
t nrgradien the-surf: as- 0pp051te_to the

o 48 s e e | e b 1 s et 2 2 s S

ACCESSIféii. m: Ap4o4aése

g Sb ,'ifin_th jsurfac/‘regxon (ni'zs’the 1ntr1n51c car_:
{rier ﬁsns=ty) the same 4 tion of the. concentrat;on gradients re-
| Gliced the: effective_alffuszon coefficient of Sb, and the opposite
1direction: of. the gradients ‘incressed’ this coefficient. 'As the tem=-
‘i perature rose and the intrinsic carz:ier dens;ty increased, the %
leffective" dlffusion coefficient of antimony in 1nilzomogeneous samples !
f'approached 'the value of SS% for- hcmogeneous ‘sanples.  The value of-
= | the. difius;on cosfficient ranged from 107 12 at the lowest tempera=- |
_ture'to 10 10 en®/sec at- the. highest temperature.; Tests on the d;f» -Q'»
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'ACCES»ION na» AP4045650

fus:on of antlmony :m homogeneous germanxum heavz.ly doped with Lapen
gallium {o=1x 2020 em™3) ‘and in lightly doped matenal {p-type _ i
"G, doped with gallium, ‘carriexr dennity =3 x 1019 cm™3) showea that |1
the diffarancg;petween the surface concantxations and diffusion coef-|

":Eicaentq ©of antimony for these two types of sang:le was -light. Orig.
has-fz fagures and 1 formula. ST

ASSOCIATIOH-' Institut poluprovodnikov AN SSSR, \Lem,ngrad (Instztute
of Semiconductors, AN SSSR); InstltutA;flzlki AN Azerb. SSR; Baku S
(Inst:.tute of Phys:.cs, AN Aze;.b. SSR) B

SUBMTTED- 2oMay64
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‘§Acc"bsm m az><01c'ros ' '

;-Aumen-" Boltaks. 3. Iy Shishiynnu, ¥. s. | 24

s . )
- TITLE: Gn ‘hhemzu comrersion oi‘ gall:‘l\zn arnenidg «;, :-’; f_f’z
N B ‘-;‘/

: SOURCE:; Fi ika tverdogo uela, v. 7, na.v?ls, 1905, 1021-1027

;ABS ’W\CI'- The nuroose oi‘ the im'est*gatmn vas. to stuay the }unetics of t’heme.l
: conversi ’n.:es eciaﬂy the:kinetim of dli‘fusion ropagation of thermoacceptors

mobi1ity of the carriers wes i

’; glechron "onc=rtration ~8x

en~3; and mobility ~ 3700 en®/V-sec. The an--

“at each temperature, and the cooling rate wss 300--4C0 deg/sec. The kineties of

: ?‘rmn?m. L wm~i mn ann.su.ing o“ a-tsr_pb ea.z:ples. The effect of ennealing

UR/GJ.ES:L ’65/@/%/1091/102?

; TO““:?‘ J.AGS? : gallmm arseniue, tbem&l conversion, ca.rrier density, Hall effect.
copper ext.mctien B e I L , R~ &

nvg*tigated in n-type single'c'zystalq with initial
) 10X
i nealing 'he:*gffratures ranuei I‘rc:a 700 to 12000, the annealing duration was 7 houra

the thermsl conversion was siudied by obeerving the éisplz.\, sment of the peregion

%l A Sty

B

HEAR T
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8 on the carrler concentra*io’s anu mcbility iu shown in Fig. 1 of the Fn*lom.:re. 'me"
results- establ:.shed that thermsl conversion:-is the conseguence of dii: fusion of
th\.moaceeptoro Trom clustering points {suen 85 the gurfase or stmn:.ural defects)
‘into the volume of the erystal. The gata obtained eonfirm the existing opinion. §.
that the min eanse: of “thermal ¢ eonversion of gallium argenide 15 the copper. impury 4
ty. The possibility of o .xtracting ‘copper from galltum ersenide with the aig of
zme vas- investigateq by conting- -copper-saturated g semples of gallium ersenide withi
a thin leyer of ‘zing and_e.nnealipg in gealea ampoules. The carrier den"itz wos
detemined by the Hall effect and the transpareney of the sarmles wa
with an infrareg mimoscdp’é.-A . The hole concentration decrense by &
- magnitude after snn Bnnealing g varioug tamperatuz'es. The re migg saavr.cl tw the
- Presence of s Zine layer on the surface Elndered the therna. convmsim of gely
 Similar resmiz : obtainea with eaﬁmi 3 : -

4 Al;'v;:-”u‘uk‘.'.;n';vu‘w.v o

o Ins"i
'dwtcrs AN BSSR)

- 206130014-4"
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- Fig. 1. Effect of anncallng temperature or‘
- ‘the coneentration (a) end mobility (b) of
the carr* er
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ACC IMR: AP6012520 " SOURCE CODE: 'UR/OJB1/66/008/001;/1512/1£311+ |
| _ ‘ o
AUTHOR: Shishiyanu, F. 8.; Boltaks, B. I. B '

ORG: _Institute of Semiconductors,AN SSSR, Leningrad (Institut poluprovodnikov AN
SSSR) 4

TITIE: Energy levels of Ag and Au in GaAs -] ;
SOURCE: Fizika tverdogo tela, v. 8, no. &, 1966, 1312-131k %

'TOPIC TAGS: gallium arsenide, gold, silver, impurity level, forbidden band, tem-
‘perature dependence, electrie conductivity, Hall constant 9y EVEREY BRAO

+

STRUCTO ¢ ;
ABSTRACT: This is & continuation of earlier work by the authors (FrT v. 7, 1021, |
1965 and earlier) dealing with the diffusion and capture of Ag and Au in GeAs. The|
present study is devoted to the energy levels which are produced in the forbidden
vand of GaAs when doped with Ag or with Au. A series of experiments was made on
the temperature dependence of the electric conductivity and the Hall constant,
making it possible to determine the impurity levels of Ag and Au in GaAs. The
measurements were made at the temperature range T7-T70K. The doping reversed the
conductivity of the single-crystal n-GaAs samples to p-type. Because of the low
solubility of the alloying material in the host, it was necessary to investigate

i

‘the electrlic properties of GaAs against the background of thermal conversion. 1In

5 Card 31/2 e o
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the case of Ag, an acceptor level was observed at 0.11 £ 0.01 ev above the top of
the valence band, as compared with 0.15 + 0.01 ev in 8 control sample subjected to
thermal conversion by annealing. In the case of Au, the 0.15 level was observed

:in the control sample, as well as two acceptor levele in the doped samples, cor-
responding to 0.090 % 0.005 and ~0,02 ey above the top of the valence band. It wag-
also noted that when samples doped with Au and samples subjected to thermal conver-
sion or doped with Cu are simxlta.necus]y annealed, the latter samples lose the '
0.15 ev level ang acquire 0.09 and ~0,02 ey levels. The shallow acceptor level
(0.02 ev) is unstable and vanishes op subsequent ann + To observe deeper Au
and Ag levels it would be necessary t0 use purer GaAs samples. Orig, art, has !
2 figures and 2 formulag, : -

SUB CODE: 20/  SUBM DATE: 29Nov65/ - ORIG REF: ~003/:_f:,‘ OTH REF: 001

.Cord 2/2 c('/
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AREE

ACC NR:  AP7006199 (4)

SOURCE CODE: UR/ 0363 / 67/ v
| 0028 M
: AUTHOR Kulikov, G, S.;'gp}tgkg, B. I,; Savin, E, p

' njx,:‘r ”{adamjj nﬂ“]: SSSR>
Onductors, Acadenw Of Sciences, ( n p

TITLE;
SOURCZ: AN SSS
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